Background: Fatness is an unwanted side effect of genetic selection in broiler chickens. In this study, we introduce mountain celery powder as a feed supplement to suppress lipogenesis and improve antioxidant status in broiler chickens. Male broiler chicks (Ross 308) were fed a control diet or a diet that includes mountain celery (MC) at 7.5 gkg −1 over 42 days.
Background
Over the past several decades, intensive genetic selection in broiler chickens for rapid growth has led to their extraordinarily high growth rate. From 1957 to 2005, the body weight of broilers experienced a four-fold increase with a compounded annual growth rate of 3.30%. Concurrently, the 42-day feed conversion ratio (FCR) of chickens decreased by 2.55% each year over the same period [1] . The main side effect of such enormous growth rate is excessive fat accumulation in the body [2] . Modern broilers tend to mature more quickly and begin depositing fat at an earlier age. The chicken meat industry now faces the challenge of controlling excessive fat. Body fat in broiler chickens are generally not physiologically essential for body functions but impose a heavy burden on the antioxidant system [3] as majority of the fat is unsaturated, which is susceptible to oxidation [4] . Lipid peroxidation is a major cause of poor food quality and generation of off-odours and off-flavours. The incorporation of antioxidants is the most effective way to control the rate and extent of lipid peroxidation [5] . Therefore, dietary antioxidants in chickens play a pivotal role in protecting unsaturated fats as well as the bird's body during digestion and metabolism, thereby the producion of high-quality meat.
Mountain celery (MC; Kelussia odoratissima; Umbelliferae family) is a rich source of polyphenols and flavonoids, and has antihyperlipidemic and antioxidant properties [6, 7] . Mountain celery is a self-growing plant, growing up to 200 cm in height and is found exclusively in Iran. Flavonoids and polyphenols are strong natural antioxidants with lipid-lowering capacity [5, 8] . The essential oil of MC is also a rich source of phthalides (37.3% of total bioactive components) [9] , which are reported to be hypolipidemic, hypoglycemic, hypotensive, and antioxidant. The antioxidant potency of MC is has previously been described as comparable to α-tocopherol and butylated hydroxytoluene (BHT) [10] . Feeding MC to broiler chickens at 5 and 7.5 gkg − 1 resulted in a significant improvement in growth performance and was associated with lower rate of mortality from right ventricular hypertrophy [11] . Muscle relaxing and sedative effects of MC have been reported in mice [12] . The present study aimed to investigate antihyperlipidemic and antioxidant effects of MC in broiler chickens.
Methods

Birds and experimental facility
The experiment was conducted at the Poultry Research Center of Shahrekord University, Shahrekord, Iran (altitude 2100 m) in accordance to the recommendations of the Guide for the Care and Use Committee of Shahrekord University. All procedures were conducted in accordance with guidelines set out by Directive 2010/63/ EU in Europe, and were approved by the Ethical Committee of Shahrekord University Research Council.
A total of 250 day-old male broilers (Ross 308; average body weight: 44.5 g ± 1.25) were obtained from Behjoojeh Co., Shahrekord, Iran. A total of 200 chicks within a range of 43 to 47 g (i.e within ±2 SD) were randomly selected and assigned to 10 pens, each with 20 chicks. All pens had similar initial weights. Five of these pens were randomly assigned to each treatment. No statistical power calculation was conducted prior to the study. The sample size was based on our previous experience with similar design. All pens were equipped with a bell dinker and trough feeder. All chicks were allowed free access to feed and water and were provided with 23 L:1D lighting program throughout the trial. The house temperature was conformed to the strain recommendations.
Treatments
A control diet based on corn and soybean meal was formulated according to the NRC recommendations [13] for the starting (1 to 3 wk. of age) and growing (3 to 6 wk. of age) stages ( Table 1 ). The experimental diet was prepared by substituting wheat bran with 7.5 gkg − 1 MC, a concentration of MC that has previously been described as the optimal level for broiler chickens [11] . Diets were provided in mash form. Mountain celery (the leaves and shoots) were cut, air-dried, and ground for use in the experimental diets. 01 ). The total phenolic content was determined in MC using the Folin-Ciocalteu method. In brief, 0.5 ml of each sample was mixed with 2.5 ml of FolinCiocalteu's phenol reagent and kept for 5 min at 37°C. Then, 2 ml of saturated Na 2 CO 3 (7.5%) was added and the mixture was brought up to 10 ml using deionized-distilled water. The mixture was maintained at room temperature in the dark for 120 min before measuring its absorbance at 765 nm against a reagent blank. Gallic acid equivalent (GAE) was used as the reference standard and total phenolic content was expressed as mg of GAE per gram of each essential oil on the dry basis. Total flavonoid content was measured using the aluminum chloride colorimetric assay. An aliquot (1 ml) of sample extracts or quercetin standard solutions (20, 40, 60 , 80 and 100 μg/ml) was added to a 10 ml volumetric flask containing 4 ml of distilled water. Then, 0.30 ml of 5% NaNO 2 was added, followed by the addition of 0.3 ml of 10% AlCl 3 after 5 min. Subsequently, 2 ml of 1 M NaOH was added and the volume was brought up to 10 ml with distilled water. The absorbance was measured against a blank at 510 nm. The total flavonoid content was expressed as mg quercetin equivalents.
Body weight gain and feed intake were recorded and feed conversion ration (FCR) was calculated for the 1-to 21-day, 21-to 42-day, and 1-to 42-day periods. At 42 days of age, 10 birds per treatment were selected for blood collection and processing. The selected birds had body weights within~5% of the average pen body weight. Blood samples (3 mL) were collected from the brachial vein and centrifuged at 2500×g for 10 min to obtain serum for the determination of cholesterol, triglycerides (TAG), low-density lipoproteins (LDL), high-density lipoproteins (HDL) and malondialdehyde (MDA). Total cholesterol, TAG, LDL, and HDL were measured using commercial laboratory kits following the manufacturer's manuals (Pars Azmoon Kits; Pars Azmoon, Tehran, Iran). Serum MDA concentration, a biomarker of lipid peroxidation, was assayed following the method of Nair and Turner [15] . An aliquot of blood was also obtained on glass slides to prepare a blood smear to determine differential leukocyte count. The blood was stained using the May-Grunwald and Giemsa protocol, and 100 leukocytes, including granular (heterophils) and nongranular (lymphocytes) were counted to calculate the heterophil to lymphocyte ratio (H:L). All chemical reagents were obtained from Sigma-Aldrich Co. (Sigma-Aldrich Co., St. Louis, MO, USA).
After collecting blood, the birds were euthanized by CO 2 inhalation and we collected live body weight, liver weight, and abdominal fat deposition. The livers were harvested and immediately frozen in liquid nitrogen and stored at − 70°C for RNA analyses.
Quantitative real-time PCR analysis
Total RNA was extracted from the liver using RNX-Plus reagent (Sinaclon Bioscience, Tehran, Iran) and homogenized in digestion buffer. The liver was homogenized in digestion buffer, then mixed with chloroform and centrifuged. Total RNA in the upper aqueous phase was precipitated with isopropanol, rinsed with 75% ethanol, then resuspended in DEPC-treated water. To remove residual DNA, the RNA was treated with DNase (Sinaclon Bioscience, Tehran, Iran). The RNA was measured using a spectrophotometer. Only RNA with an absorbance ratio (A260/A280) > 1.9 was used for the synthesis of cDNA. Total RNA was reverse transcribed into cDNA using PrimeScript ™ RT Reagent Kit (Takara Bio Inc., Japan). The reverse transcription mix was heated to 85°C for 5 s to inactivate reverse transcriptase and to denature the RNA and then stored at − 20°C.
The levels of acetyl CoA carboxylase (ACC, EC 6.4.1.2), fatty acid synthase (FAS, EC 2.3.1.85), malic [16] . Relative transcript levels and fold changes in transcript abundance were calculated using efficiency-adjusted Paffl methodology [17] .
Statistical analysis
Results were analyzed by ANOVA using SAS (2007) software in a completely randomized design. Treatment means were separated by t-test. In the cases of sampling within pens, data were subjected to a nested design.
Results
Mountain celery analysis shows remarkable contents of polyphenols (102 mg/g), flavonoids (12.2 mg/g) and phtalides, mainly ligustilides. Ligustilides accounted for 50% of total active products in the mountain celery. Body weight gain and FCR responses were significantly (P < 0.05) improved in broilers when MC was included in diets during all feeding stages. However, feed intake only showed a significant decrease in the starter stage ( Table 3) .
The expression of genes responsible for hepatic lipogenesis, including ACC, FAS, ME, and LPL, significantly down-regulated in birds fed MC (Table 4 ). In contrast, antioxidant genes including SOD1 and CAT have been highly over-expressed in broilers fed MC ( Table 4 ).
Broilers that received MC had significantly (P < 0.05) lower concentrations of total TAG, total cholesterol, LDL, malondialdehyde, and heterophil to lymphocyte ratio. Feeding MC caused a significant (P < 0.05) increase in HDL compared to the control group (Table 5) .
Discussion
In general, live performance of the broilers in this study was lower compared to the expected performance outlined in the strain catalog (ROSS 308). This is due to the fact that the birds reared at high altitude region (2100 m), where atmospheric oxygen concentration was only 15-16%. There is a direct relationship between broiler growth performance and atmoshpheric oxygen concentration [3] . Significant improvements in body weight gain and FCR associated with feeding birds MC are in line with results reported by Ahmadipour et al. [11] . Improved performance can be attributed to the naturally-occurring polyphenols in MC, which include flavonoids and non-flavonoids that exhibit a broad spectrum of beneficial biological properties such as growth-promoting, antioxidative, and immunocompetence [8, 18] . Dietary inclusion of MC was 
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Abbreviations: FAS fatty acid synthase, LPL lipoprotein lipase, ACC acetyl-coA carboxylase, MAE malic enzyme, CAT catalase, SOD1 superoxide dismutase 1 associated with down-regulation of ACC, FAS, ME, and LPL in the liver. In avian species, the liver is the principal site of lipogenesis with a capacity 20 times greater than adipose tissue of equal weight [19] . The pathways involved in fatty acid synthesis in birds involve ACC catalyzing the conversion of acetyl-CoA to malonyl-CoA, and FAS catalyzing the formation of palmitate from one molecule of acetyl-CoA and 7 molecules of malonyl-CoA [20] . ME catalyzes the oxidative decarboxylation of malate to pyruvate and carbon dioxide, simultaneously generating nearly all of 14 molecules of NADPH required for palmitate biosynthesis [21] . Upon the biosynthesis of palmitate, fatty acids are transported to adipose tissue as TAG in the VLDLs, where extracellular LPL catalyses the hydrolysis of TAG so that fatty acids can be incorporated into the adipose tissue [22] . Down-regulation of these four key lipogenic enzymes by MC strongly suggests antihyperlipidemic effects as reflected in reduced levels of cholesterol, TAG, and LDL. The results of our study strongly suggest a strong nutrigenomic effect of MC on lipogenesis in birds, which may be associated with flavonoids and phthalides. A report on transcription-factor pathways mediating nutrientgene interactions indicated ER (estrogen receptor), NFkB (nuclear factor kB), and AP1 (activating protein 1) as transcription factors associated with flavonoids [23] . However, transcription factor associated with phthalide has yet to be determined. Mountain celery is a rich source of polyphenols (102 mg/g), flavonoids (12.2 mg/g) and phtalides, manily ligustilide. Aqueous extract of celery has been reported to reduce total cholesterol and LDL in rats by lowering hepatic LPL activity [24] -an antihyperlipidemic effect linked with phthalides. The hypolipidemic effects of flavonoids have also been previously documented [25] . Bok et al. [26] indicated that polyphenols reduce the activity of HMG-CoA reductase, a key enzyme in the synthesis of cholesterol in mice. It has also been reported that polyphenols alter cholesterol homeostasis and increase LDL-receptor activity in human, which can increase LDL levels [27] .
Stimulation of expression of SOD1 and CAT by MC suggests that the herb improves antioxidant defense system in birds, which could reduce levels of malondialdehyde (MDA). Previous research has shown that phtalides decrease MDA levels and increase the activities of the antioxidant enzymes such as glutathione peroxidise (GSH-Px) and SOD in mice [28] . Ligustilides (the major components of phtalides in MC) have been reported to increase the activities of GSH-Px and SOD, which can prevent oxidative stress [29] . MDA is a biomarker of lipid oxidation is an index of oxidative stress in fat tissues. Decreased oxidative stress in birds fed MC can be associated with a significant reduction in the H:L ratio, an index of stress in the chicken [30] . Taken together, feeding MC can suppress ROS production and alleviate oxidative stress in birds, and can be reflected by lower levels of MDA and H:L ratio.
Antihyperlipidemic effects of MC include reduced deposition of fat in the abdominal cavity. Abdominal fat is a crucial component of lipogenesis in birds because it grows more rapidly compared to other adipose tissues and is highly correlated to total body fat content in avian species. As it is easy to dissect and weigh, abdominal fat weight has been used extensively as an estimator of total body fat content in the chicken [31] . Reduction in abdominal fat deposition in birds fed MC indicates the strong antihyperlipidemic potency of the herb. Reduction in the proportion of liver weight to live body weight in chickens fed MC was in line with decreased lipogenesis associated with reduced abdominal fat. As the liver is the principal site of lipogenesis in chickens [19] , a decline in its relative weight can account for lower lipogenesis associated with dietary inclusion of MC.
Conclusion
Feeding MC (Kelussia odoratissima) to broiler chickens led to a significant decrease in the expression of lipogenic enzymes and a significant increase in the expression of antioxidant enzymes, suggesting that this medicinal herb has potential to produce high quality low-fat chickens. These nutrigenomic effects are attributed to the phthalides, flavonoids, and polyphenols naturally in MC. Means in the same row with different letters are significantly different Values are mean ± SE (n = 10)
